N anoparticles (NPs) are a unique material with notable properties and far-reaching applications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Many interesting phenomena, such as surface plasmon coupling, exciton coupling, plasmon-exciton interactions and magnetic coupling, originate from the NPs assembly, in which NPs organize in purposeful ways and interact with one another [12] [13] [14] . Solution-based self-assembly is one of the practical assembly strategies to realize the spontaneous organization of large numbers of individual NPs into ordered structures in different dimensions [15] [16] [17] [18] [19] . Although important developments have emerged in this field, it is still challenging to program NPs to self-assemble into pre-determined configurations, which require both specific and directional interactions.
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To achieve specific interactions, surface encoding of NPs with DNA was developed and applied for various NPs of different size, shape and composition. To make the interaction directional, nonuniform surface encoding has been used as a reliable means. For NPs with isotropic shape, non-uniform surface encoding has been realized by attaching a single copy 20 or discrete pattern 21 of singlestranded DNA (ssDNA) directly [22] [23] [24] , localizing the bonding ability to a small area and enabling a series of discrete self-assemblies (dimer, trimer, tetramer) of NPs 21 . Since the binding of the terminal thiol of the ssDNA is not selective enough to distinguish the various surface chemistries associated with different facets, the ssDNA attaches almost randomly to the NPs. Although not a problem for isotropic NPs, this non-selective attachment of ssDNA on those with anisotropic shapes, such as nanorods (NRs) or nano-triangular-prisms (TPs), will generate a mixture of non-uniformly encoded NPs. To overcome this limitation, a regioselective surface encoding method is necessary. One strategy is to encapsulate the uniformly encoded NPs into DNA nanostructures, so the addressable directional properties of DNA nanostructures are conferred to the NPs. The disassembly of the outer DNA shell will recover the uniformly encoded NPs 25 .
Immobilization of the target NPs onto a template, normally a planar substrate 26 , microparticle 22 or emulsion 27 , is a well-established strategy to achieve partial blocking by means of steric effects, and has been extensively investigated to achieve regioselective encoding of isotropic NPs [28] [29] [30] . In addition, the core-shell strategy has been adopted to block the surface of NPs [31] [32] [33] , where the shell (silica or polymer) only partially covers the core. Chemical patchiness on anisotropic NPs can also be achieved by making use of the different packing densities 34 , aggregation states or chemical properties 35, 36 of a single chemical species on different parts of the surface. Hongyu Chen and coworkers found that the coverage of polymer on NPs varied from full to partial when hydrophilic ligands were combined with hydrophobic ligands 37 . This strategy has been demonstrated on both isotropic gold nanospheres (AuNSs) and anisotropic gold NRs (AuNRs) to create patchy NPs (Janus AuNSs and two-end free AuNRs, respectively), and the partial coverage was attributed to ligand segregation on NPs. We now believe that the association of the polymer on the NP surface is a three-phase wetting problem between NPs, polymer and solvent, so the final morphology of NP@polymer depends on the balance of the interfacial tensions between these three phases. Specifically, fine control over the interfacial tensions can be gained by manipulating the ratio of the solvent mixture as well as the ratio of the two types of ligands. We propose that more variable and precise control over the distribution of polymer on NPs could be achieved via a carefully designed and empirically tested ligand/solvent system, making both the size and location of the blocked surface area controllable independently to achieve the regioselective encoding of NPs. We have expanded on the partially encapsulated NPs previously demonstrated to include six new building blocks. In addition, we show that the polymer-free surface regions of NPs are accessible for ssDNA modification, thus enabling regioselective functionalization. This two-step process successfully converts the NPs into regioselective surface-encoded NPs (rseNPs) with a high yield. The location and size of the polymer-free surface regions assure directionality and saturability of the interactions between different NPs, and the sequence-specific hybridization of DNA imparts specificity of these interactions. The presented approach is a significant step towards NP building blocks with highly addressable surfaces that allow for the deliberate design and synthesis of sophisticated self-assembled nanostructures.
The transformation of NPs into rseNPs is achieved by a two-step approach: polymer blocking of the NP followed by its DNA modification, as summarized in Fig. 1 . The versatility of this approach is reflected in two aspects. First, this approach is applicable to NPs with different elemental compositions, sizes, shapes and surface ligands, which include citrate-stabilized AuNSs, cetyl trimethylammonium bromide (CTAB)-stabilized AuNRs, Au triangular nanoprisms (AuTPs), Au nanocubes (AuNCs) and Pd nanocubes (PdNCs). Second, the approach allows for selective encoding of the different surface regions of the NPs, creating rseNPs with different binding orientations. For example, the same AuNRs can be blocked in different ways, leaving only one end, two ends or one side available for counterparts to bind (Fig. 1) .
We first demonstrated our proposed approach on citrate-stabilized AuNSs 37 , as shown in Fig. 2a,b . The polymer blocking was conducted in one pot by mixing AuNSs (30 nm), amphiphilic diblock copolymer (polystyrene-b-polyacrylic acid, PS-PAA) and two ligands in dimethyl formamide (DMF)-H 2 O binary solvent, and then heating the solution at 105 °C for 1.5 h (Fig. 2a, Supplementary  Figs. 1-3 ). If only hydrophobic ligand (1,2-dipalmitoyl-sn-glycero-3-phosphothioethanol, PSH, L A ) was used, the PS-PAA blocked the entire surface of the AuNSs, resulting in a fully encapsulated AuNS@PS-PAA core-shell structure (f-30AuNS). In contrast, heating the mixture in the presence of the hydrophilic ligand (2-methylaminoethanol, 2-MAE, L B ) alone generated mainly AuNSs that are free of a polymer shell 37 . When both L A and L B were present in the mixture, the surfaces of AuNSs were partially blocked by the polymer, forming Janus AuNS@PS-PAA core-shell structures (j-30AuNS). The structures of the f-and j-30AuNS were characterized by transmission electron microscopy (TEM) after negative staining to make the polymer shell surrounding the NPs visible against the background. The structures can also be characterized using ultraviolet-visible-near-infrared (UV-Vis-NIR) absorbance spectroscopy ( Supplementary Figs. 4-6) .
To understand the different coverage of polymer on AuNSs, we consider this system as the contact of two phases (AuNS and PS-PAA) in a medium (DMF-H 2 O solvent mixture). The resulting equilibrium is dictated by three interfacial free energies, which are denoted by σ Au-solvent (σ Au-sol ), σ Au-polymer (σ Au-pol ) and σ polymer-solvent (σ pol-sol ), and can be readily predicted from the spreading coefficient
, where each component in the right-hand side of the equation represents one kind of interfacial free energy 38, 39 . Depending on the relative magnitudes of these energies, the flowing phase (PS-PAA) may completely or partially engulf the solid phase (AuNS) ( Supplementary Figs. 7 and 8 ). When the solvent ratio varies over a small range, σ Au-sol , which relies on the hydrophobicity of the gold surface, can be tuned through the binding of the ligands. Since the polymer composition is fixed, σ Au-pol relies on the ligand ratio, which dictates the hydrophobicity of the gold surface. Last, σ pol-sol is correlated to the solvent mixture because the solubility of the PS block depends on the solvent polarity. Therefore, we reason that the above three interfacial free energies can be manipulated by changing the solvent ratio and ligand ratio ( Supplementary Fig. 7 ).
In the presence of only L A (PSH), the AuNS surface is hydrophobic due to the binding of L A . In the process of polymer blocking, σ Au-sol increased but σ Au-pol decreased (σ Au-sol ≫ σ Au-pol ). To minimize the energy of the system, the interface between Au and solvent was replaced by the interface between Au and PS, making it favourable for PS-PAA to completely engulf AuNS, forming f-AuNS. With only hydrophilic ligand (2-MAE, L B ) binding to the AuNS surface, σ Au-sol is much smaller than σ Au-pol (σ Au-sol ≪ σ Au-pol ), making it unfavourable for PS-PAA to engulf AuNS. In this case, the PS-PAA would self-aggregate to form micelles rather than associate with the AuNS surface. When both L A and L B are present on the AuNS surface, where σ Au-sol and σ Au-pol are approximately the same magnitude (σ Au-sol ~ σ Au-pol ), the AuNS being partially covered by PS-PAA is favoured to minimize the interfacial energies, forming j-AuNS or other types of partially encapsulated AuNSs.
The generality of our strategy is further demonstrated on CTABstabilized AuNRs to create 1D rseNPs (Figs. 1 and 2c) (for clarity, each rseNPs is designated by the dimensions of the core so that nanosphere, nanorod, nanoprism and nanocube are designated 0D, 1D, 2D and 3D, respectively). Due to their non-spherical nature, there are a greater number of potential polymer arrangements around the anisotropic NP cores. As a result, three different types of 1D rseNPs were created from the same AuNR: one-end free (1e-AuNR, Supplementary Fig. 9 ), two-end free (2e-AuNR, Supplementary  Fig. 10 ) and one-side free (s-AuNR, Supplementary Fig. 11 ). Due to σ pol-sol , the solvent ratio has a significant effect on the micelle size of PS-PAA, as reflected by the thickness of the polymer shell on fully encapsulated AuNRs. When the DMF/H 2 O ratio increased from 2.5 to 4 with other parameters kept constant, the uniformity of the polymer shells was improved, and their thickness increased gradually from 4.8 to 13.6 nm ( Supplementary Fig. 12 ). Accordingly, the aggregation number (number of polymer molecules constituting a micelle) is correlated with the solvent ratio, and a higher DMF/ H 2 O ratio forms a thicker shell surrounding the AuNR.
The dependence of polymer association on the surface energy, which can be tuned by adjusting the ligand ratio of L A to L B , is demonstrated in the AuNR system. A larger L B /L A ratio (more hydrophilic ligand) results in a greater polymer-free region; as the concentration of L B increases, with the other conditions kept constant ([L A ] = 0.16 mM, DMF/H 2 O = 3.5/1), the structure of the AuNR@PS-PAA changes from f-AuNR to 2e-AuNR and then s-AuNR (Fig. 2c) . The polymer prefers to cover the middle of the AuNR because the flat surface of the middle prism is more favourable for the polymer to achieve compact packing. This can be explained by the decrease of σ Au-pol on the flat surface over the curved ends of the nanorod. The flat surfaces are more hydrophobic in nature as the long hydrophobic chains of L A will result in a higher chain density than for the corresponding interface at the curved surfaces 40 . On a curved surface, the hydrophobic ligand occupies a cone-shaped area, which has a lower density of hydrophobic chains with increased distance from the surface, and thus a less favourable σ Au-pol . To obtain the 1e-AuNR structure, modifying the ligand ratio (that is, σ Au-pol ) did not prove effective, and instead the discovered method was to change the DMF/H 2 O ratio (from 3.5 to 4.0), decreasing σ pol-sol , and leading to a larger PS-PAA-solvent interface that could accommodate more Au-polymer interactions, while also allowing σ Au-sol to remain competitive.
We also created 2D and 3D rseNPs using AuTPs ( Supplementary  Fig. 13 ) and AuNCs ( Supplementary Fig. 14) , following a procedure The thiolated single-stranded DNA was chosen to selectively modify the polymer-free surface region of NPs, after earlier reduction to release the thiol group. c, The AuNR@PS-PAA core-shell structure was generated in a similar way to the creation of AuNS@PS-PAA. The thickness of the polymer shell depends on the ratio of DMF to H 2 O, although the polymer coverage on the AuNR was determined by the ligand ratio, allowing for the synthesis of fully blocked, one-end uncovered, two-end uncovered and one-side uncovered structures. Scale bars, 50 nm. similar to the one used to create 0D and 1D rseNPs. It is more favourable for the polymer to achieve compact packing on the flat facets of AuTP than the vertices with high curvature, in the presence of L B . Two different types of 2D rseNPs were created from the same AuTP, termed as three-vertex free (3v-AuTP, Supplementary Fig. 15 ) and one-vertex free (1v-AuTP, Supplementary Fig. 16 ) ( Supplementary  Fig. 13b, c) . The transformation from 3v-to 1v-AuTP follows the same principle as the transformation from 2e-to 1e-AuNR, as mentioned before.
Two types of 3D rseNPs based on the same AuNC with opposite polymer coverage were created by changing the identity of the hydrophilic ligand at a certain pH. Using 4-mercaptobenzoic acid (4-MBA) as the hydrophilic ligand, the polymer preferred to cover the six flat facets of the cubes and leave all the edges and vertices free. Under acidic conditions, while using 2-MAE as the hydrophilic ligand, the polymer selectively covered all the edges and vertices, leaving the centre of six facets free (c-AuNC, Supplementary  Fig. 14c ). When this approach was applied to PdNCs, polymer blocking similar to that of v-AuNC was formed where the polymer selectively bound to the faces of the cube (Supplementary Figs. 14e  and 17 ). Although the variability of the polymer blocking on nanocubes has only been empirically determined, from these observations we believe that: (1) the different hydrophilic ligands bind to the nanocube surfaces with slightly different affinities, affecting the interfacial energies enough to create the opposite polymer binding, and (2) the pH of the system, which can change the size and morphology of the self-assembled polymer micelle 41 , could act as another variable of σ pol-sol enabling further tuning of the encapsulation process through the surface energy. The structural information of the AuNC@PS-PAA structures was obtained by using 3D electron tomography to visualize a location of polymer on the cube surfaces. The structures of all other rseNPs can be conclusively determined using standard TEM projection viewing; however, the nanocube structures, due to their characteristics, necessitate 3D probing to unambiguously establish the distribution of polymer and binding modes. The proposed structures of c-AuNC and v-AuNC were confirmed by tomography ( Supplementary Fig. 18 and Supplementary  Videos 1 and 3-5) .
The size of the polymer-free surface region can also be tuned through adjustment of the ratio of L A to L B in the solvent mixture ( Supplementary Fig. 19 and Supplementary Table 1) . This ratio will dictate the relative binding densities of the ligands on the NP surface, as well as the surface energy, and therefore the polymer coverage: essentially, the more L B present, the larger the polymer-free area (Fig. 3, Supplementary Figs. 7 and 8) . By tuning the sizes of the polymer-free regions, the saturabilities of the counterpart binding on rseNPs can be varied, consequently increasing the potential variety of self-assembled structures.
After polymer blocking, we replaced the surface ligands (L A and L B ) on the polymer-free region with thiolated ssDNA. This process is performed in a buffer at a pH of 8.0, followed by incremental increases of the NaCl concentration 42 (Fig. 2b) . The success of ligand exchange was reflected by the higher stability of DNA-j-AuNS at high salt concentration (500 mM NaCl) than that of j-AuNS, and was independently quantified using fluorescence spectroscopy of fluorescein amidite (FAM)-labelled DNA (Supplementary Fig. 20 ). The obtained DNA 1 -and DNA 2 -j-AuNS have the same morphology as j-AuNS ( Supplementary Figs. 8, 21 and 22) , demonstrating that the thiol-modified ssDNA could only replace the ligands on the polymer-free region of the NP surface and does not affect the polymer encapsulation.
After DNA encoding, rseNPs can self-assemble into preconceived structures dictated by the hybridization of DNA. For example, the combination of 0D j-AuNS with two different core sizes (20 and 30 nm) permits three kinds of discrete dimer nanoassemblies: 20-20, 30-30 and 20-30 (Fig. 4a-c and Supplementary Figs. 21 and 22) .
NPs bound to each other only via polymer-free surface regions to form dimers with high uniformity, whereas the surface with polymer attachment had been successfully blocked from binding. The formation of 20-30 heterodimers (Fig. 4c) , without any 20-20 or 30-30 dimers, is attributed to the specificity of DNA hybridization ( Supplementary Fig. 23 ). The control experiments showed no aggregation in the mixed rseNPs modified with the same ssDNA ( Supplementary Fig. 8d ).
The combination of 0D (j-AuNS) and 1D (2e-AuNR, 1e-AuNR and s-AuNR) rseNPs generated a series of interesting nanoassemblies, such as dumbbell- (Fig. 4e,f, Supplementary Fig. 24 ), exclamation mark- (Fig. 4i,j, Supplementary Fig. 25 ), and pearl necklace-like (Fig. 4o,p) structures. Similarly, the combination of complementary 1D rseNPs created side-by-side dimers (Fig. 4q,  Supplementary Fig. 26 ), end-to-end dimers (Fig. 4r, Supplementary  Fig. 27 ), end-to-end trimers (Fig. 4s, Supplementary Fig. 28 ) and chain-like linear oligomers (Fig. 4t) . Besides intermolecular DNA hybridization, there are steric and electrostatic interactions between building blocks, so the configurations of the resulting nanoassembly depend not only on the directionality but also on the saturability of the binding region on rseNPs. Small binding regions favour individual linking, and large binding regions permit linking to multiple complementary rseNPs. For example, when complementary 0D j-AuNS and 1D s-AuNR were mixed together, multiple j-AuNSs with a small binding region can bind to a single s-AuNR (Fig. 4m and Supplementary Fig. 29 ) due to the steric effect. However, with a larger binding region, each j-AuNS binds more than one 2e-AuNR to generate pearl necklace-like structures (Fig. 4o,p) . Likewise, the 1D rseNPs with large binding regions have enough space to bind with more than one 0D rseNP (Fig. 4g,h,k,l) .
In the mixture of complementary 0D and 2D rseNPs, j-AuNS selectively bound to the polymer-free vertices of v-AuTP to form starfish-like or snowman-like nanoassemblies (Fig. 4u,v, Supplementary  Figs. 30 and 31 ). When the 0D and 3D rseNPs were mixed, j-AuNS bound only to the centre of c-AuNC faces (Fig. 4x, Supplementary  Fig. 32 ), but to the vertices of v-AuNC (Fig. 4w, Supplementary Fig. 18 and Supplementary Videos 2 and 6). Furthermore, since the rseNPs are highly negatively charged, the electrostatic interaction should be considered. The Debye screening length, which influences the effective collision between the rseNPs, can be tuned by means of the ionic strength (salt concentration) in the solution ( Supplementary  Figs. 34 and 35 ) 43 . The larger the NP, the higher the salt concentration required for self-assembly. For example, with the increase of salt concentration, more j-AuNS bound to the polymer-free surface regions of AuTP and AuNC, until the centric structures were saturated ( Supplementary Fig. 34 and 35) . The three-dimensional structures of nanoassemblies built from the combination of 0D and 3D rseNPs have been further confirmed in scanning electron microscopy (SEM) images (Supplementary Fig. 36 ).
The strategy presented here is a significant step towards NP building blocks with highly addressable surfaces that allow for the deliberate design and synthesis of sophisticated self-assembled nanostructures. The ability to control the binding directionality and specificity on colloidal NPs opens a wide spectrum of new structures for self-assembly of NPs. With our strategy, more rseNPs are expected from NPs with other anisotropic shapes, including tetrahedra, pentagonal prisms and hexagonal prisms, as well as those of other materials, such as quantum dots, magnetic NPs and metal oxides. With the various rseNPs, many nanoassemblies that have proved difficult or impossible to make with existing colloidal NPs may become accessible in the near future.
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Polymer encapsulation of AuNSs. For full encapsulation, citrate-stabilized AuNSs (19.8 ± 1.3 nm, 1.5 ml) solution was centrifuged to a volume of ~15 µ l using 12,500 g for 15 min. The deep red solution collected was then diluted by water to a final volume of 188 µ l, which was added to a mixture of 602 µ l DMF and 150 µ l DMF solution of PS 144 -b-PAA 22 (0.25 mM in DMF). Then L A (60 µ l, 2.74 mM in ethanol (EtOH)) was finally added to the reaction mixture, giving a total volume of 1.0 ml. The final concentrations of the species are listed in Supplementary  Table 1 . The mixture was heated at 105 °C for 1.5 h, and removed from the oil bath to cool down at room temperature. Microwave reaction vials (2-5 ml) sealed with aluminium caps were used in the heating process to prevent leaking of the solvent by evaporation. A similar procedure was used for the partial encapsulation, where a different amount of L B (100 mM in H 2 O) was added to the reaction mixture before the addition of L A .
Polymer encapsulation of AuNRs. AuNRs were prepared using the silver-assisted growth procedure developed by El-Sayed and coworkers 44 , with the aspect ratio 3.9 (L = 54.3 ± 3.4 nm, W = 14.1 ± 1.1 nm. The synthesized AuNRs were spun down (10 min, 10,000 g) once and resuspended in H 2 O, followed by a second centrifugation, and resuspended in 1 mM CTAB with a final concentration of 0.2 nM. AuNRs concentration was quantified using optical extinction spectra and the absorbance value at the longitudinal surface plasmon resonance (LSPR) maximum. An extinction coefficient of 4.6 × 10 9 M −1 cm −1
(ref. 45 ) was used to estimate concentration. 1.0 ml of AuNRs solution was concentrated to 15 µ l by centrifugation and then diluted by water to a final volume of 209 µ l, which was added into the mixture of 581 µ l DMF and 150 µ l DMF solution of PS 144 -b-PAA 22 (0.25 mM in DMF). Then L A (60 µ l, 2.74 mM in EtOH) was finally added to the reaction mixture, giving a total volume of 1.0 ml. The mixture was heated at 105 °C for 1.5 h, then removed from the oil bath to cool down to room temperature. A similar procedure was used for the partial encapsulation, where 4 µ l of L B (100 mM in H 2 O) was added to the reaction mixture before the addition of L A to create 2e-AuNR-1. The various e-AuNRs were created through tuning the ratio of DMF to H 2 O and ratio of L A to L B in the solvent mixture, as listed in Supplementary Table 1 .
Polymer encapsulation of AuTPs and AuNCs. AuTPs and AuNCs were synthesized according to Scarabelli et al. 46 and Kou et al. 47 , respectively. Before encapsulation, AuTPs of small size were isolated from the as-synthesized mixture of AuNSs, pentagonal pyramids, and small and large AuTPs by depletion flocculation 48 , as described below and in Supplementary Fig. 37 . After purification, the concentration of AuTPs was quantified using optical extinction spectra and the absorbance value at the maximal LSPR. An extinction coefficient of 2.4 × 10 10 M −1 cm −1 was used for AuTPs with an edge length of 72.7 ± 10.6 nm. A 1.0 ml quantity of purified AuTP solution (0.06 nM) was spun down (10 min, 6,000 g) once and resuspended in 1 ml of CTAB (1 mM), followed by a second centrifugation to concentrate it to 15 μ l for the following polymer encapsulation. To determine the concentration of AuNCs in the as-synthesized solution, an extinction coefficient of 8.6 × 10 9 M −1 cm −1
(ref.
49
) was used for AuNCs with an edge length of 44.4 ± 2.6 nm. A 1.0 ml quantity of as-synthesized AuNC solution (0.03 nM) was spun down (10 min, 6,000 g) twice and resuspended in 1 mM CTAB with a final volume of 15 µ l. The polymer encapsulation was carried out according to the procedure on AuNRs with minor modifications to the solvent ratios and ligand amounts and identities; the detailed experimental conditions are listed in Supplementary Table 1 .
Preparation of TEM samples. A 150 µ l quantity of as-prepared polymer encapsulated NPs solution was diluted by a factor of 10 with sodium dodecyl sulfate (SDS) (0.01%) and centrifuged twice to remove empty polymer micelle and excess reactants, giving a final volume of 15 µ l. (NH 4 ) 6 Mo 7 O 24 was used as the negative stain so that the polymer shells appear white against the stained background. TEM grids were treated with glow discharge for 30 s to improve the surface hydrophilicity. A 4 µ l quantity of purified sample solution was carefully mixed with 2 µ l of stain solution ((NH 4 ) 6 Mo 7 O 24 , 8.6 mM) and then deposited onto the hydrophilic face of the TEM grid, after which filter paper was used to remove excess solution on the TEM grid. The grid was then dried in air for 1 h before analysis.
AuTPs purification. Depletion flocculation as a concept was first proposed by Asakura and Oosawa in 1954 50 , and applied as a purification technique for nanoparticles by Park et al. in 2010 48 . The first NP system to be purified involved nanorods and nanospheres. Park et al. introduced a model to predict when NPs would begin to flocculate. The simplified equation, shown below in equation (1), relates the effective micelle concentration and contact area of the NP to the potential, U. When |U| ≈ 4-5k B T, the particles will begin to flocculate out of solution.
Here, r m is the radius of the surfactant micelle, A is the possible contact area of the NP, c is the surfactant concentration, cmc is the surfactant's critical micelle concentration, n is the aggregation number of the surfacant micelle, N 0 is Avogadro's number, k B is the Boltzmann constant and T is the temperature. To isolate small AuTPs from the mixture, cetyltrimethylammonium chloride (CTAC) was chosen as the micelle-forming surfactant with the constants r m = 3.0 nm, cmc = 0.001 M, n = 163, which were obtained from literature sources 51, 52 . The maxium contact area between two AuTPs can be calculated as 0.433a 2 when they attached face-to-face, where a is the side length of the triangular faces. If a = 72.7 ± 10.6 nm, the estimated concentration of CTAC to floccuate small AuTPs is about 200 mM.
Functionalization of polymer partially blocked NPs with selected DNA strands. To 45 µ l of 100 µ M thiolated DNA in TE buffer, 5 µ l of 10 mM tris(2-carboxyethyl) phosphine (TCEP) in TE buffer was added and mixed. The mixture was shaken at room temperature for 2 h and then purified by Nanosep Centricon (3 K) to remove excess TCEP and the cleaved residue with thiol group. A 150 µ l quantity of asprepared partially blocked NPs was diluted by a factor of 10 with SDS (0.01%) and centrifuged twice to remove empty polymer micelle and excess reactants, and the pellet was dispersed into 20 µ l Tris-HCl buffer (pH = 8) with SDS (0.01%). A 10 µ l quantity of purified thiolated-DNA solution was added to 20 µ l purified NP solution and allowed to react for 2 h. The mixture of thiolated-DNA and NP solution was then treated with a modified salt-aging procedure to allow electrostatic screening between neighbouring DNA strands and greater saturation of DNA on the surface. Specifically, solutions were brought to 0.05 M, 0.1 M, 0.2 M, 0.3 M, 0.4 M and 0.5 M NaCl sequentially with approximately 30 min between each addition of salt solution (1 M NaCl, pH = 8 Tris-HCl, 0.01% SDS). After the increase in salt concentration was complete, NPs were left overnight to maximize the loading of DNA. To remove unbound DNA from solution, particle suspensions were centrifuged, the supernatant was removed, and the pellet was re-suspended in Tris-HCl buffer (pH = 8) with 0.01% SDS three times. The final suspension was concentrated to 30 µ l.
Assembly of rseNPs.
A 10 µ l quantity of each rseNP with complementary DNA strands was mixed with 10 µ l of Tris-HCl buffer (pH = 8, 0.01% SDS) with different salt concentrations and incubated at room temperature overnight. The detailed combinations and ratios of different kinds of rseNPs to generate specific configurations of nanoassemblies, as well as the required salt concentrations, are listed in Supplementary Table 2. We used 25 µ l of the assembly sample for UV-Vis absorbance measurements and 5 µ l to prepare the TEM grid. To achieve best performance, the grids were treated with glow discharge to increase their hydrophilicity.
Electron tomography. The electron tomography tilt series were acquired in a thermionic TEM operated at 120 keV. Bright-field TEM images were acquired from − 70° to + 70° with 2° intervals. The electron dose was controlled to be less than 200 electrons Å −2 for a full tilt series. No obvious polymeric mass loss, contraction, or dilation was observed under this dose condition. The 3D tomograms were reconstructed using a standard filtered back projection method implemented by a custom written code in Matlab and visualized by Avizo.
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